The feasibility of a near infrared spectroscopy to evaluate the fat content in instant curry soup containing coconut milk including green curry, red curry, massaman curry and panang curry was investigated. The soup samples were collected from a processing line and as the finished product. There were also fat content-adjusted samples where the curry was made from the same recipe as in the processing line but increasing by 30, 60 and 90% coconut milk and reducing by 30, 60 and 90% coconut milk from normal. A Fourier transform near infrared spectrometer was used to collect scans. A partial least squares regression model for fat content was established using near infrared spectral data in conjunction with reference data, which was validated using a leave-one-out cross-validation and test set validation. The test set validation, using a set of unknown samples, showed better prediction performance. The best model developed using vector normalization spectral pre-treatment on 9404-7498 and 6102-5446 cm À1 provided coefficient of determination, root mean square error of prediction, bias and ratio of performance to interquartile values of 0.90, 0.9%, À0.1% and 1.2, respectively, for the validation samples. However, the model developed using samples without fat content adjusted samples gave a slightly lower coefficient of determination (0.89), but provided a lower root mean square error of prediction (0.5%) and acceptable ratio of standard error of validation to the standard deviation (3.2). In addition, the vibration bands of CH 2 which was in the long chain fatty acid moiety highly influenced the prediction of fat content in the curry soup. The near infrared spectroscopy protocol developed for the determination of fat could be applied in the instant curry soup production line.
Introduction
Fat is a major source of energy in the human body and helps the body to absorb some vitamins and minerals. 1 Since the human body cannot make the essential fatty acids (FAs), it needs some fats from food for optimal health. Hence, fat content is one of the important measurements to report when describing the nutritional value and product quality for many foodstuffs.
Curry soup, rich in antioxidant, has been increasing in popularity worldwide, particularly in the commercially important health food market. Coconut milk, containing fat, water, carbohydrate, protein and ash with the major components being water and fat, plays an important role in many tropical cuisines 2 including curry. The initial fat content of fresh coconut milk is 35-37%. 3 While coconut milk is high in saturated fat (17%), it is much healthier than other saturated fat products, and the fat is easily metabolized by the body. 4, 5 The fat content in curry soup must be checked to control the standard of the final product and it is usually measured in factory by the Gerber method. The official Gerber method, as a consequence of the complicated handling and inevitable usage of toxic corrosive chemicals, such as sulphuric acid, is a dangerous technique not suitable for non-trained hands. 6 Near infrared (NIR) spectroscopy is a non-destructive technique that can evaluate the chemical constituents rapidly. Hence, there have been the attempts of many researchers to apply this technique to evaluate quantitatively and qualitatively the fat content in foods. Nu´n˜ez-Sa´nchez et al. 7 have evaluated the FA profile and groups of fats in milk samples from individual goats using NIR spectroscopy in reflectance mode for oven-dried milk and in transflectance mode for liquid milk. They presented that the transflectance analysis gave better results than reflectance analysis and confirmed the viability of NIR spectroscopy as a fast, reliable and effective analytical method for providing nutritional information of milk samples. Teye and Huang 8 studied the measurement of the total fat content in cocoa beans using Fourier transform near infrared (FT-NIR) spectroscopy based on a novel systematic study on efficient spectral variables selection multivariate regression. The selected spectral data were treated with support vector machine regression. The optimum results showed the root mean square error of prediction (RMSEP) and correlation coefficient of determination (r 2 ) in the prediction set samples of 0.015% and 0.94, respectively. In another cases, using this non-destructive and rapid method for fat discrimination has been popularized for many foods. Yang et al. 9 used the linear discriminant analysis and canonical variate analysis (CVA) for the discrimination and classification of different edible oils and fats based on spectral data obtained from Fourier transform mid-infrared (FT-IR), near infrared (FT-NIR) and Raman (FT-Raman) spectroscopy. In this case, the most efficient in classification of oils and fats was obtained from the FT-IR spectroscopy when used with CVA and yielded about 98% classification accuracy, whereas FT-Raman and FT-NIR methods gave about 94 and 93%, respectively. However, the number of factors required by FT-IR spectroscopy were much higher than for the FTRaman and FT-NIR methods. Villar et al. 10 developed the calibration, validation and testing process of a lowcost on-line visible-NIR (400-1100 nm) sensor in transmittance mode for monitoring the fat content in milk during the manufacturing process of milk. The result showed an r 2 of 0.78 and RMSECV of 0.119%. Melfsen et al. 11 reported the accuracy of milk analysis with NIR spectroscopy using diffuse reflectance in the wavelength range 851-1649 nm for fat of unhomogenized milk. Excellent results were obtained with regard to r 2 of 0.998 and standard error of prediction (SEP) of 0.03%.
NIR measurement has been proved as a rapid and accurate method regarding the analysis of fat parameters in those cases and could be used as a replacement for conventional expensive and time-consuming wet chemistry methods. To date, there has been no report on the application of NIR spectroscopy to study the fat content in curry soup. Therefore, the goal of this research was to do a feasibility study of NIR spectroscopy to evaluate the fat content of curry soup containing coconut milk. The fat content adjusted samples were 2-3 samples per level of each curry. There were 101 samples in total. After collecting a sample from the processing line, or fat adjusting, the 200 ml samples were subjected immediately to homogenization (T25 digital ULTRA-TURRAX, IKA, Germany) at 2500 r/min for 3 min before NIR scanning.
Materials and methods

Samples
NIR spectral acquisition
The NIR scanning method for the homogenized samples was the same as what reported in Sirisomboon and Nawayon. 12 Each sample was scanned through quartz under the cup (64 mm in diameter and 50 mm in height) using a FT-NIR spectrometer (MPA, Bruker, Ettlingen, Germany) in diffuse reflection mode at a wavenumber between 12,500 and 3600 cm À1 with a resolution of 16 cm À1 . All experiments were performed at room temperature (25 AE 1 C). Each sample was scanned in duplicate. All scans were recorded in absorption mode (log 1/R). The duplicate spectra of each sample were averaged before further analysis.
Analysis of fat of curry soup
After scanning, the samples were measured for fat content (%) by the Gerber method (ISO/DIS 19662: MilkDetermination of fat content -Acido-butyrometric (Gerber method, https://iso.org/obp/ui/#iso:std: iso:19662:dis:ed-1:v1:en) using a Multi-Purpose Centrifuge SuperVario N, FUNKE GERBER, Germany). Each sample was determined in triplicate.
Repeatability and maximum coefficient of determination
The precision of reference test for fat content of curry soup was determined using the repeatability value Rep. The repeatability of the reference test was determined as the standard deviation (SD) of the differences in values obtained from the 101 duplicates where the two furthest values were selected among the three replicates of one sample. Then, the maximum coefficient of determination (R 2 Max ) was calculated followed Dardenne 13 using the equation (1).
where SD y is the SD of fat content of samples in calibration set. According to Dardenne, 13 the maximum R 2 is only if there are no error in the spectra or the model. He indicated that sometimes, just knowing the SD y and Rep is sufficient to decide not to attempt NIR model development. It may mean that the range was too narrow and/or the reference method not sufficiently precise.
Spectrum pre-treatment and NIR spectroscopy model establishment
The NIR spectroscopic models for predicting the fat content of curry soup were developed by partial least squares (PLS) regression. The OPUS, v.7.0.129 multivariate analysis software package (https://www.bruker. com/products/infrared-near-infrared-and-raman-spectroscopy/opus-spectroscopy-software.html), was used in both spectrum pre-treatment and model development. The NIR spectra used for model development were pre-treated in the following way: no pre-treatment, constant offset elimination, straight line subtraction, vector normalization (SNV), minmax normalization, multiplicative scatter correction (MSC), first derivatives, second derivatives, first derivatives þ straight line subtraction, first derivatives þ SNV and first derivatives þ MSC. In selection of the optimum wavenumber range, for example, if full wavenumber range was divided into three sub wavenumbers e.g. 1, 2 and 3; the modelling was performed in the following way: 1, 2, 1 þ 2, 3, 1 þ 3, 2 þ 3, 1 þ 2 þ 3, 1 and 2, respectively. If any combination provided the lowest root mean square error of estimation (RMSEE), that region was then divided into two sub wavenumbers again. For example, if the lowest RMSEE was from 1 þ 2 þ 3, it would be divided into two ranges and examined again. Full wavenumber or sub wavenumber ranges were crossed with 11 methods of spectrum pre-treatment. Then, the optimal sub wavenumber ranges and spectrum pre-treatment method were selected by the lowest RMSEE.
No samples of red curry soup were available from the production line and therefore none were included in the model development. However, fat content-adjusted samples were included in the model.
With all samples, the model validation performed included the leave-one-out validation where total 166 samples were used for both calibration and validation and the test set validation where 50% of the samples were randomly used for validation and another 50% was used for calibration. With samples without fat content adjustment, the model was validated by test set validation where 20% of the samples were randomly used for validation and 80% of the samples were used for calibration. The optimum model was selected from a combination of a number of PLS factors, spectral pretreated method and wavenumber ranges based on the lowest RMSECV. After that the model was validated and the coefficient of determination (r 2 ), root mean squared error in prediction (RMSEP), ratio of performance to interquartile (RPIQ) for skewed distribution data sets and the prediction bias were calculated. The RPIQ index was calculated by dividing the interquartile (Q3-Q1) with SEP where Q3 and Q1 was the value below which 75 and 25%, respectively, of the samples were found. 14 The ratio of standard error of validation to the SD (RPD) was used when the data were normaly distributed.
14 In our case, the no fat content-adjusted samples had a normal distribution.
The unknown samples were subjected to the model for validation. The three laminated cartons of each curry soup were collected. The unknown green, red, massaman and panang curry soup samples were subjected to the same experimental methods for both optical data and reference data as described above on 22, 24, 27 and 24 July 2015, respectively. However, one sample was scanned four times and then averaged. There were 12 samples with 48 spectra in total.
Results and discussion
The minimum (min), maximum (max), mean and SD of fat content in curry soup samples of calibration set and validation set samples are shown in Table 1 . The range of the fat content in the samples was between 2 and Figure 1 ). The optimum model selected by test set validation was developed using seven PLS factors where the pre-treated spectra by the vector normalization methods in the range of 9404-7498 (1063-1334 nm) and 6102-5446 cm
À1
(1639-1836 nm) were used. This model showed that the r 2 , RMSEP, bias and RPIQ were 0.90, 0.9%, À0.1% and 1.24, respectively (Figure 2) . The no fat content-adjusted sample model was developed using seven PLS factors where the pre-treated spectra by Figure 3 ) and the r 2 , RMSEP, bias and RPD were 0.89, 0.45%, À0.15% and 3.21, respectively (Figure 4) .
The wavelength range of 1639-1836 and 2171-2357 nm included the NIR bands of lipid at 1728 and 1762 nm which originated from the first overtone of a C-H stretch and at 2308 and 2348 nm which due to the combination bands arising from C-H stretch and deformation in CH 2 group in the lipid molecules. [15] [16] [17] The test set model using all samples showed more robust performance with a higher r 2 and RPD and less error. R 2 Max was 0.99, r 2 was 0.90 and the error from the reference laboratory was 1% so the unexplained source of error was 9% which was attributed to error in NIR scanning, sample presentation and other unknown errors. Figures 1 and 2 show the scatter plots of fat content in curry soup predicted by NIR spectroscopy of the all sample model with leave-one-out validation and with test set validation, respectively, and fat as measured by the reference method. Figures 3 and 4 show the scatter plots of fat content in curry soup predicted by NIR spectroscopy for the no fat content-adjusted samples model in calibration and for the test set validation samples, respectively, and fat as measured by the reference method. Williams 18 has indicated that an r 2 of 0.83-0.91 implied that a model was usable with caution for most applications, including research. Wattanapahu and Suwonsichon 19 reported the application of visible and NIR spectroscopy in reflectance mode in the wavelength range of 400-700 and 701-2300 nm on evaluation of fat content in homogenized coconut milk where the PLS model developed with nine factors provided r 2 of 0.90 and 0.93 and SEP of 2.3 and 1.4%, respectively. The model of curry soup containing coconut milk developed here from less number of factors (5-7 factors) showed lower error (RMSEP of 0.45 and 0.9% for the all samples model and no fat contentadjusted samples model, respectively), however, the r 2 was slightly less which might be due to spectral interference from several addition ingredients (herbs and additives) in the soup. Figures 5 and 6 show the regression coefficient plot and X-loading plots, respectively, of PLS test set validation model for fat content in curry soup. The strong effect of the bond vibration on the prediction of fat content in curry soup was illustrated by the high peak of the plots of regression coefficient and X-loading of PLS factors. The obvious peaks and their bond vibration in the regression coefficient plot and X-loading plot are shown in Tables 2 and 3 , respectively, which illustrated the intensity of the peaks in descending order. It was noticed that the vibration of CH 2 which was in the long chain FA moiety, in this case, the fat in the coconut milk in the curry soup, appeared as the high peak in the regression coefficient plot and the highest X-loading peak of PLS factor number 1 plot, respectively, implying it had the highest influence on the prediction of fat content in curry soup. Sirisomboon and Nawayon 12 reported the performance of the broad-based model for prediction of total solids using the same samples set that it was not better than the individual models of specific curry soup. However, the broad-based calibration had a better coverage of the calibration range and more samples.
Besides, it presented some additional benefits for the calibration model, such as an increased robustness and reliability. 22 In our case, the individual models for green curry soup, red curry soup, massaman curry soup and panang curry soup gave RMSECV values of 0.7, 1.9, 0.5 and 0.5%, respectively, with r 2 of 0.93, 0.79, 0.98 and 0.96, respectively, and the broad-based calibration using all four types of curry soup showed a RMSEP of 0.9% with r 2 of 0.90. Table 4 shows the comparison of true and predicted fat content of unknown samples of four curry soups by PLS models validated by a leave-one-out validation and test set validation and Figure 7 shows the scatter plots of reference and predicted fat content of the 12 unknown samples of four kinds of curry soup of PLS Table 5 shows the statistics result of the prediction model performance. The all sample model validated by test set validation provided better prediction performance that the leave-one-out validation model and the no fat content-adjusted sample model with higher accuracy (less RMSEP and bias), higher precision (less SEP).
The big different in the statistics for prediction of fat in the unknown samples by the all sample model validated by leave-one out validation and by test set calibrations was because the models were developed using a different number of factors, different wavenumber ranges and different spectral pre-treatment methods. Particularly, the reason for the very poor prediction of fat content in the massaman curry soup was that the lower content of fat made it more difficult to reading the fat content value from the butyrometer.
Conclusion
From the results presented in this study, NIR spectroscopy could be used as an alternative technique to evaluate of fat content in curry soup containing coconut milk since the model showed acceptable prediction accuracy. The predictive statistics suggested that the model was usable with caution for most applications. In addition, it was found that the vibration bands of CH 2 which was in the long chain FA moiety, in this case, the fat in the coconut milk in the curry soup, highly affected the prediction of fat content in the curry soup. The NIR spectroscopy protocol developed here could be applied for the process control in the factories for the production of curry soup containing coconut milk where the RMSEP not more than 0.5% of fat content was acceptable. 
